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BIOLOGYOFTANYCHELAPILOSA (HYMEMOPTERA:
ICHNEUMONIDAE),A PARASITOID OFTHEAQUATIC
MOTHPETROPH1LACONFUSALIS(LEPIDOPTERA:

PYRALIDAE) 1

Wanda Jamieson^, Vincent H.

ABSTRACT: Tanychela pilosa, a solitary endoparasite of the aquatic moth Petrophila confusalis,

has hymenopteriform eggs that are oviposited in late summer or early fall, in the Clearwater

River drainage of western Montana, USA. The first instar is a caudate-mandibulate type. Su-

perparasitism may result from polyembryony but only a single wasp larva survives. Larvae

undergo heteromorphosis as a third and final instar. Pupation occurs in the dry cocoon of the

moth. Adult sex ratios approach 1:1. 72.2% of sites examined in the Clearwater River drainage
had P. confusalis and 61.5% of these contained T. pilosa. Emergent rocks may enable oviposit-

ing females to enter streams and search for caterpillars. Parasitization of P. confusalis reported
from Idaho, Washington, and California may be by T. pilosa.

Hymenoptera parasitizing aquatic insects are rarely encountered in collec-

tions of stream insects. In an earlier study, we discovered that a population of

the aquatic lepidopteran Petrophila confusalis (Walker) was parasitized by an

aquatic wasp (Resh and Jamieson 1988) in Owl Creek, Missoula County,
Montana (Fig. 1). The rate of parasitism in the moth population ranged from

55% at the outlet of Placid Lake into Owl Creek to 0% less than 5 km down-
stream from the lake outlet. Wasp pupae were identified as Tanychela pilosa

Dasch, the type specimen of which is from Mexico (Dasch 1979).

In our original study, we indicated that parasitism occurred during the pu-

pal stage of the aquatic moth, as has been reported for the agriotypid (now

generally considered a subfamily of the Ichneumonidae) wasp Agriotypus
armatus Curtis that parasitizes the caddisfly Silo pallipes (Fabricius) in Eu-

rope (Elliott 1982). In retrospect, if this supposition were correct we would
have expected to see some type of activity indicating that moth pupae were

being parasitized, such as adult wasps near the pupal patches that occurred on

rocks in the streambed, or wasp eggs or larvae inside the moth pupae or moth
cocoons.

Because of the lack of detailed information on hymenopteran parasites of

aquatic insects (Hagen 1996), the present study was initiated to (1) describe

the biology of the parasitoid T. pilosa and (2) document the distribution of T.

pilosa beyond Owl Creek through surveys conducted in the Clearwater River

drainage system of western Montana.
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Fig. 1 . Petrophila confusalis and its endoparasite Tanychela pilosa.

METHODSANDMATERIALS

In May 1989, lepidopteran larvae were collected from Owl Creek near the

outlet of Placid Lake (Fig. 2). During the summers of 1993, 1994 and 1995,

samples of approximately 100 P. confusalis larvae and pupae were collected

randomly from various sites along the Clearwater River and its tributaries (Fig.

2).

Head widths of the moth larvae and prepupae were measured to determine

instar classification; the caterpillars were then dissected to determine rates of

parasitism. Wasp cocoons were dissected to determine stage of development
and sex of the wasps. Life cycle observations were based on examinations of

more than 1 400 aquatic wasp larvae and pupae, the dissections of more than

1900 aquatic moth larvae and prepupae, and the examination of more than

2000 empty wasp and moth cocoons.

BIOLOGYOF TANYCHELAPILOSA

Egg stage: T. pilosa wasps are solitary endoparasites of P. confusalis cat-

erpillars. The biology of the host (sometimes referred to as Paragyractis

confusalis) is described by Tuskes ( 1 977, 1 98 1 ), MeAuliffe & Williams ( 1 983),

Bergey (1995), and summarized by Lange (1996). In late summer or early fall,

the female wasp deposits an egg within the abdominal cavity of the moth larva.

The pale yellow, jellybean-shaped eggs, about 0.5 mmlong and 0.2 mmwide,

are the hymenopteriform type (Hagen 1964, Fig. 14a).

Larval stage: Parasitism could occur during the moth's free-living first

instar or during its other larval stages that are spent beneath silken retreats that
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Fig. 2. Sampling locations in the Clearwater Drainage, western Montana, USA.
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provide shelter (Lange 1996, Fig. 19.1). The free living, first-instar caterpillar

is more vulnerable to predation and to dislocation (i.e., drift), and the duration

of this stage is brief, e.g. first instars of P. confusalis occur in Owl Creek (Fig.

2) during a brief two-week period (McAuliffe & Williams 1983). In contrast,

second, third, and fourth instars occur from mid-August to mid-October

(McAuliffe & Williams 1983), and the female wasp could penetrate the silken

covering of these instars with her ovipositor, laying her eggs within the host

caterpillar.

The newly hatched wasp larva is less than 2 mmlong. This primary or first

instar is of the caudate-mandibulate larval type described by Hagen (1964,

Fig. 18a, b, c). It has a brownish sclerotized head capsule with a black man-
dible. Its long, slender, segmented body is enclosed in a colorless, transparent

integument; the internal body mass is bright yellow. A long "tail" that is al-

most equal in length to the rest of its body extends posteriorly from the dorsal

portion of the wasp larva. Ullyett (1944) suggests the long tail may serve as

one and/or all of the three following functions: an egg burster, a balancing

organ to compensate for its large head, or for food absorption. Although the

first instar wasp has mandibles, we found no evidence in any of the host larvae

that internal tissues or organs had been damaged, nor did we ever observe any
tissue attached to the mandibles of the wasp larva that would indicate it had

been feeding. Apparently, the wasp larva absorbs food through its very thin

cuticle from its host's hemolymph. Strands of fat bodies were noticeably re-

duced or absent in the hemocoels of parasitized caterpillars. Because there are

no spiracles on the first instar larva, respiration is probably cutaneous.

T. pilosa overwinters in the first instar within its host. The wasp larva grows
very slowly from October to June and growth appears to be relatively constant

from year to year. For example, wasp larvae in samples collected from Owl
Creek and the Lake Inez outlet (Fig. 2) on 23 Oct 1993 were very similar in

size to the wasp larvae in samples collected during June 1994 and June 1995

from the same streams.

In areas where the rate of parasitism is high, two or more parasitoids may
occur in one host (i.e., superparasitism). For example, of 44 moth larvae that

were collected 23 Oct 1993 from Lake Inez (Fig. 2), 32 were parasitized. Of
these, six (19%) caterpillars had been parasitized more than once; three of

them had two larval parasites and each of the other three had three, four, and

five parasitic larvae, respectively.

Several genera of Ichneumonidae that parasitize the eggs and larvae of

Lepidoptera exhibit polyembryony (Hagen 1964, Chapman 1982) and this could

account for the multiple T. pilosa parasitoids within the host P. confusalis cat-

erpillar. Wehave not determined how long the different larvae within a single
host live, but we have observed that eventually all but one die. For example, in

a sample taken 15 Aug 1995 from the Lake Inez outlet (Fig. 2), one late-instar

moth larva had 10 wasp larvae within its hemocoel. All wasp larvae were the

same size, and had sclerotized heads and transparent body coverings, but only
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one was wiggling; apparently nine of the wasp larvae had just died. Thus, this

moth larva had been host to 10 wasp larvae for 9 -10 months.

The dead wasp larvae can be found in the last abdominal segment; per-

haps, the wiggling motion of the caterpillar forces these dead larvae to the

posterior end of the moth's abdominal cavity where they remain (and subse-

quently can be counted). Wenoted that when host caterpillars contained only
one wasp larva, that larva was usually alive. The bodies of the dead wasp lar-

vae become white and opaque; their sclerotized head capsules enabled us to

distinguish them from the fatty tissues of the caterpillar.

Hagen ( 1 964) reported that the number of larval instars among hymenopter-
ous parasites is variable. However, there appears to be a tendency for ecto-

parasitic larvae to have five instars and endoparasitic forms to have fewer than

five (and often three).

During the fifth instar of the caterpillar, the wasp larva grows rapidly and

undergoes heteromorphosis (sensu Chapman 1982; Hagen 1964 refers to this

as hypermetamorphosis). The sclerotized head capsule splits along the dorsal

line and the wasp larva emerges from its exuvium with a new body form. The
new segmented body is covered with a loose transparent membrane. The body
internally is bright yellow. During this metamorphosis, the wasp larva abruptly

changes from a slender 2-mm long caudate-mandibulate type larva to a fat,

globular, grub-like larva that eventually grows to fill the thorax and abdomen
of the 10-mm long caterpillar within four weeks. This grub-like larva may
represent the third instar.

Weexamined the head-capsule width of approximately 100 caterpillars

from sites D in 1993, and N in 1993 and 1995 (Fig. 2). No size-class differ-

ences were observed in parasitized and unparasitized caterpillars.

Pupal stage: Prior to its pupation, the P. confusalis caterpillar modifies its

silken retreat on a rock surface to form a thicker, oval patch. This patch is

referred to as the external pupal case in Resh and Jamieson (1988, Fig. 1 ). The

patch has semicircular openings at the edge [as described by Lloyd 1 9 1 4, 1 9 1 9

for Petrophilafulicalis (Schaus)] and the caterpillar scores a C-shaped slit at

the upstream end of the patch. Beneath the patch, the caterpillar spins a water-

proof cocoon that provides a dry environment for the pupal stage. When it has

completely enclosed itself within a cocoon, the caterpillar becomes an immo-
bile prepupa. Whenexamined externally, there is no indication whether or not

the caterpillar prepupa is host to a parasite.

If parasitization has been successful (i.e. sometimes the wasp larva dies

before heteromorphosis occurs), the wasp larva emerges from its host during
the caterpillar's prepupal stage. During emergence, the thoracic and abdomi-

nal skin of the caterpillar appears to disintegrate within the cocoon. The head

sclerites and other tissues of the moth fall to the posterior end of the cocoon as

the wasp larva emerges from its host within the dry environment of the host's

cocoon. At this time, spiracles are very prominent on the wasp larva.

The wasp larva immediately begins to spin its own cocoon within the
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caterpillar's cocoon and the wasp's cocoon is completed within a few hours.

Of the 5,000+ specimens examined for this study, <0. 1 %had wasp larvae that

were outside the host but not yet enclosed in their own pupal cocoons.

The structure of the wasp cocoon indicates that it is spun in a circular (or

sideways) manner back and forth from one end of the cocoon to the other, until

it is about three layers thick. During this process the wasp larva is visible be-

tween the strands of the cocoon. When the cocoon is completed, the wasp
larva is no longer visible. The cocoon is dark brown, leathery, oval-shaped,
and about 8 mmlong. When the cocoon is turned inside out and placed under-

water, it takes on the metallic sheen characteristic of an unwettable surface.

During the construction of the cocoon, the wasp larva alternately faces anteri-

orly and posteriorly within the cocoon. But in the final phase of its prepupal

stage, the wasp larva always faces anteriorly within the cocoon, i.e., it points
its head in the same upstream direction that the caterpillar would have pointed
its head.

Because the stage of development cannot be determined until the cocoon

is dissected, all specimens within wasp cocoons have been described as pupae.

However, within this category, we have identified four phases of development
from what we found when the anterior end of the cocoon was opened. First, in

the "early" phase, which is actually still part of the larval stage, the larva is still

mobile within the cocoon and responds to touch when the cocoon is opened.
Morris (1937) referred to this as the eonymphal phase. As development pro-

ceeds, the wasp larva begins to transform into the pupal form. The colorless,

transparent membranous skin becomes white and opaque. Another change in

the larva is the formation of red spots where the compound eyes will form.

Differentiation of body regions begins. Morris (1937) referred to this final,

immobile, phase as the pronymphal stage.

During the second (or white) phase, three distinct body regions have formed;

the head is white and the compound eyes are red. Long legs and long antennae

have formed and in females the ovipositor is very well developed. In the later

part of this phase, although the head is still white, the thorax becomes black,

the eyes dark brown, and wing pads start to form.

The third (or black) phase is characterized by the pupa having a black

head, black antennae, black thorax, black legs, a brown and white striped ab-

domen, and very prominent wing pads. Both the white phase and the black

phase are enclosed within a transparent membrane. A meconium is attached

posteriorly to the developing pupa (Resh and Jamieson 1988, Fig. 10). These

three phases each require about one week. During the fourth (or pre-adult)

phase, the wasp pupa has shed the transparent membrane within the cocoon,

the meconium has become detached, and the wings are fully expanded.
Adult stage: To emerge from its cocoon, the adult wasp chews a hole dor-

sally through its cocoon and through the lepidopteran's external pupal case; it

does not use the C-slit made by the caterpillar for its own emergence. When
the newly emerged wasp comes in contact with the water, an air bubble from
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the cocoon surrounds its hairy body. Weobserved that when an adult female

wasp emerged underwater (e.g. in a dish that contained moss and pebbles; we
have not observed this in nature), she grasped a sprig of moss with her hind leg

and groped in the dish with her other five legs. In another cocoon that was

opened underwater, we observed that after a female emerged from the water

she gripped the wooden handle of the teasing needle; then, with her hind legs,

she wiped down her abdomen and ovipositor and, with her front legs, wiped
her head and antennae. A few minutes after drying off, she flew away.

Based on the observations of 575 wasp pupae, the sex ratio of the wasps

approaches 1 : 1 (290 females: 285 males). Somestreams, however, had collec-

tions favoring females (e.g. Fig. 2, site B, 43:11) or males (e.g. Fig. 2, site F,

8:22; site L, 7:22).

Emergence of wasps begins about two weeks after the unparasitized moths

have emerged. Once the moths have emerged from their cocoons, decomposi-
tion of their pupal patches begins and lasts for approximately one additional

month. The extended duration of the lepidopteran silken patch until the wasps

emerge is crucial to the wasps' existence and survival.

Parasitization of the moth larvae varies even on a single rock. For ex-

ample, 18 lepidopteran patches were collected 23 Jul 1995 from one rock at

the mouth of the Clearwater River (Fig. 2, site I). Among these patches: five

contained cocoons from which moths had emerged; three held moth larvae,

one of which was decomposing and another was parasitized; three were moth

pupae, one in an early stage of pupal development and the other two in a later

stage with scaled wings; seven specimens were wasp pupae, with three in the

early phase, three pre-adults (one male and two females), and one in a dam-

aged condition.

DISTRIBUTION ANDPARASITISM

Of 18 sites sampled in the Clearwater River Drainage, P. confusalis was found at 1 3 sites: B,

C, D, F, G, H, I, J, K, L, M, N and Q (Fig. 2). T. pilosa parasitized P. confusalis at eight of those

sites: B (55% parasitism 29 Jul 1987, 44% 26 Jun 1988, 5% 3 Jul 1988, 41% 10 Jul

1988, 36% 22 Jul 1993, 45% 14 Jul 1993, 44% 28 Jul 1993, 50% 3 Aug 1993, 35% 11 Aug
1993, 13% 23 Oct 1993, 13% 25 Jul 1994, 29% 5 Jul 1995); C (24% 9 Aug 1987, 5% 26 Jun

1988,4% 16 Jul 1993); F (58% 22 Jul 1993, 43% 27 Jul 1994); G (41% 28 Jul 1993, 41% 3 Aug
1993, 48% 27 Jul 1994, 47% 23 Jul 1995, 74% 15 Aug 1995, 80% 22 Oct 1995); H (29% 3 Aug
1993, 20% 27 Jul 1994, 50% 5 Jul 1995); I (73% 3 Aug 1993, 64% 27 Jul 1994, 54% 23 Jul

1995); L (35% 22 Jul 1993, 46% 25 Jul 1994); N (75% 22 Jul 1993, 71% 11 Aug 1993, 67% 23

Oct 1993, 48% 12 Jul 1994, 47% 19 Jun 1995, 57% 15 Aug 1995). Variations in rates of

parasitism at individual sites may have been caused by sampling of different microhabitats at a

site.

What were the characteristics of the sites where either P. confusalis or T.

pilosa were absent? No lepidopterans were found in the cold water (10C) of

the West Fork of the Clearwater River on 28 Jul 1993. Algal patches on the

rocks of the warm Marshall Lake outflow (Fig. 2, site O) suggested a lepi-

dopteran population may have been present earlier in the season but had
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emerged. The Cleanvater River at Highway 83 (R) was sampled on 2 Aug
1993; the water was very cold (11C) and no moths were found. On 3 Aug
1 993 the Blackfoot River at the Russell Gates Fishing Access (J) was sampled.
The river was wide, shallow, and swift, and the rocks in the streambed were

large, round, smooth and very slippery. The lepidopteran population was very

sparse and only 1 1 specimens could be collected; none were parasitized. The

Blackfoot River at the Roundup Fishing Access (K) also had no parasitism in

the 49 moths examined. The river here was very deep, wide, and swift. Sam-

pling was limited to a rocky area near the shore.

Samples outside the Clearwater Drainage were also collected during sum-

mer 1993. No parasitism was found in a sample taken on 26 Jul 1993 from the

outflow of Loon Lake on the Fisher River in Lincoln County, Montana, nor in

a sample of 145 specimens taken on 27 Jul 1993 from the Lower Crow Creek

above the Lower Crow Reservoir near Pablo in Lake County. Although moth

pupae and larvae were abundant in Lower Crow Creek, the water was deep
and swift.

Ashley Creek in Flathead County was sampled 30 Jul 1993 at its outflow

from Ashley Lake and near the bridge between Lake Monroe and Lone Lake;

no parasitism of the moth larvae or pupae present at either site was evident.

The patches were extremely calcified and this may have prevented wasps from

chewing their way out of their cocoons even if parasitism had occurred. Three

sites (S, T, U) in the Swan River drainage system adjacent to the headwaters of

the Clearwater River (Fig. 2) sampled on 2 Aug 1 993 did not have lepidopteran

populations. Algae mats were thick on rocks in the streambed and the water

was very slow moving in Holland Lake Creek (T). Although the water was

warm at the Lake Lindbergh outlet (U), it was very deep and swift. At site S,

the Swan River was deep and wide. There was no parasitism in a sample of 65

specimens collected from Swan River below the dam near Bigfork on 10 Aug
1993. The water there was also deep and very swift.

FACTORSAFFECTINGT. PILOSA DISTRIBUTION

From the above information, it is apparent that parasitization by T. pilosa

does not occur in all streams that had P. confusalis populations. Reasons un-

derlying this distribution are not readily evident. For example, Lake Inez and

Lake Alva (Fig. 2, sites N and Q) are two very similar lakes in the Clearwater

River system, with Lake Alva just to the north of Lake Inez in the upper por-

tion of the drainage. Both are warm-water lakes and are surrounded by sum-

mer homes. Wooden plank structures dam the outlets of each lake, and the

outflow streams have rocky bottoms and banks lined with vegetation. Each

stream supports a population of P. confusalis. However, parasitization at the

Lake Alva outflow is 0%while parasitization at the Lake Inez outflow is 75%.

Why is there such a difference in parasitism when these lake outlets are

less than 5 km apart? Water in the Lake Alva outlet flows smoothly (i.e. no
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emergent rocks or riffles) over a streambed of uniformly sized rocks that are

densely covered with lepidopteran pupal patches. When the water level goes

down in late summer, the stream still flows smoothly. However, at Lake Inez,

the outflow stream does not have a streambed of uniform composition and the

water does not flow smoothly; instead, riffles form from emergent rocks and

boulders interspersed among sand and gravel bars. Lepidopteran patches can

be found on the large rocks and boulders as well as on small rocks and pebbles.

In late summer, the larger rocks project above the water; if the female wasp

requires a landing place before she enters the water for oviposition, then the

Lake Inez outflow would be a possible habitat whereas Lake Alva would not.

Given that the above-described habitats differ in terms of emergent rocks or

riffles, and that this was often a feature lacking in sites where moths occurred

but parasitism was absent, we suggest that this may be a key feature in deter-

mining the local distribution of T. pilosa. Perhaps the wasp adult requires emerg-

ing rocks to enter the water and remain attached while it searches for a poten-

tial host. Our laboratory observations of adults holding on to objects suggest

that this is the case.

Owl Creek has characteristics of both Lake Inez and Lake Alva outflows.

Riffle regions alternate with pool regions. No parasitism was found in 5 1 speci-

mens collected 23 Jul 1995 at Owl Creek (Fig. 2, site B) from a pool area

located behind a line of rocks across the stream. However, in a riffle area at

this site, 22 of the 57 specimens collected were parasitized. The rocks in this

riffle area project above water in late summer.

Gustin (personal communication) found a species of Tanychela parasitiz-

ing populations of P. confusalis in the Potlatch River and several of its tribu-

taries in Latah Co, Idaho and in the Palouse River system in Latah County,

Idaho, and Whitman County, Washington. The immature ichneumonids found

in his study and the unnamed immatures previously reported by Tuskes ( 1 977)

in California may also be T. pilosa. If the distribution of T. pilosa follows that

of P. confusalis, it would include central California, north to British Columbia

and east to Nevada, Idaho, and Montana (Monroe 1972). However, because

the type specimen of T. pilosa is from Mexico, other species of moths may
also be parasitized.

Local factors may also affect distribution. Cool summers may favor the

growth and development of the wasp larvae whereas warm summer tempera-

tures may favor the rapid growth of fifth instar caterpillars and, consequently,

earlier pupation and emergence. If T. pilosa cannot follow the rapid transfor-

mation of its host, then it will not be ready for its own pupation.

Because the larval wasp occurs within the caterpillar's body and the moth

occurs within an air-filled cocoon (Lloyd 1919), the only aquatic portions of

T. pilosa s life cycle are when the wasp adult emerges underwater and then

returns to water to lay its eggs. This life history fits even the most narrow

definition of an aquatic insect (Hagen 1996). However, like many other para-
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sitic insects that occur in aquatic environments, once inside its host the biol-

ogy of T. pilosa more resembles that of a terrestrial insect than an aquatic one.
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